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ABSTRACT 



A high degree of wafer-scale integration of normally 
incompatible IC devices is achieved by providing a 
plurality of segments (10), each segment having thereon 
one or more circuits, circuit elements, sensors and/or 
I/O connections (14'). Each segment is provided with at 
least one edge (12) having an abutting portion {12a) 
capable of abutting against a similar edge of a neighbor- 
ing segment. The segments are placed on the surface of 
a flotation liquid (20) and are allowed to be pulled to- 
gether so as to mate abutting edges of neighboring seg- 
ments, thereby forming superchips (10'). Microbridges 
(22) are formed between neighboring segments, such as 
by solidifying the flotation liquid, and interconnections 
(26) are formed between neighboring segments. In this 
manner, coplanar integration of semiconductor ICs is 
obtained, permitting mixed and normally incompatible 
circuit functions on one pseudomonolithic device as 
diverse as silicon and III-V digital circuits, III-V opto- 
electronic devices, static RAMs, charge coupled de- 
vices, III-V lasers, superconducting thin films, ferro- 
magnetic non-volatile memories, high electron mobility 
transistors, and bubble memories, to name a few, to be 
integrated in any desired combination. The yieldable 
scale of integration of a given device technology is also 
greatly extended. The segments are brought together in 
a particulate-free fashion with high throughput and 
exacting reproducibility at low cost. 

8 Claims, 13 Drawing Sheets 
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Fig. 10a. Fig. 10b. 
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Fig. 17. Fig. 17a. 
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METHOD OF COPLANAR INTEGRATION OF 
SEMICONDUCTOR IC DEVICES 

This is a division of application Ser. No. 07/337,223, 5 
filed Apr. 12, 1989. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to semiconductor de- 10 
vices, and, more particularly, to forming multisegment 
"supcrchips", employing coplanar integration of a plu- 
rality of individual segments, each segment having 
formed thereon various circuits and circuit elements. 

2. Description of the Related An 13 
Although the cost of designing increasingly complex 

integrated circuit (IC) devices continues to drop such 
that extremely complex products can now be designed 
on a desktop workstation, the cost of manufacturing 
these devices as measured by the required investment in 20 
capital equipment and ultra-clean rooms is rising at an 
astronomical pace. The continued decreases in circuit 
feature-size and simultaneous increases in chip size in 
order to get more functional capability on each chip is 
making it extremely difficult to maintain profitable 25 
yields. The Poisson yield model Y=exp(— DA), where 
Y is fractional yield, D is the net fatal defect density per 
unit area, and A is the chip area, gives a reasonably 
good fit to the behavior of yield as a function of those 
two parameters. Since this is an exponential relation- 30 
ship, one can see that any increase in either chip area A 
or defect density D has severe negative yield and profit- 
ability impact. Profitability is hurt because the cost of 
processing a wafer of chips is constant regardless of 
bow many chips are good or bad. 35 

The net fatal defect density, usually expressed in 
terms of fatal defects/cm 2 of chip area, takes a dramatic 
upturn as the size of a chip's features are reduced unless 
extraordinary measures are taken to reduce the source 
of such defects. In general, a fatal defect would typi- 40 
cally be caused by a particulate whose size is some fatal 
fraction of the smallest feature size found on the chip. 
As examples, a state-of-the-art chip may have 0.8 p.m 
spaces between its metallic interconnects. Those closely 
spaced interconnects can certainly be shorted by a 0.8 45 
jim particle or by an agglomeration of smaller particles 
situating themselves in the narrow spaces. The same 
chip may have a 200 A or 150 A gate oxide whose 
growth can certainly be interfered with by the presence 
of a contaminant whose size is on the same order of 50 
magnitude as the oxide thickness, i.e. 150 A. In fact, a 
few monolayers of contaminant can cause problems. 
Thus, enormously expensive ongoing measures are re- 
quired just to maintain constant defect density D, let 
alone decrease D, as features get smaller. The number 55 
of competitors able to afford the investments required 
to do this is rapidly dwindling, while the remaining 
manufacturers increasingly seek government funding to 
help in this undertaking. Countries not having this abil- 
ity are in strategic trouble. 60 

As mentioned above, the defect density will rise dras- 
tically with circuit feature-size shrinking unless great 
efforts are made to clean up the manufacturing environ- 
ment, tools, people, and consumable materials. Other 
obvious variables which influence defect density are the 65 
number of process steps involved and the individual 
cleanliness of each of those steps as they are integrated 
together as well as the quality of the monolithic sub- 
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strate starting-material employed to manufacture the 
devices. Historically, there has been substantia] pressure 
to simplify process-complexity in order to improve 
yields. Simplification means using fewer and simpler 
process steps less prone to defect generation. There has 
also been substantial resistance to the widespread use of 
better higher-performance substrate materials such as 
gallium arsenide because such new materials frequently 
incorporate more inherent crystalline defects than sili- 
con and are more fragile, which limits yields. 

Independent of the concerns about defects and yields 
are the disadvantages of monolithic chips relative to 
their process inflexibility. As an example, consider the 
presently separate silicon chip industry and gallium- 
arsenide chip industry. Gallium arsenide's strengths are 
its inherent speed and ability to easily provide either 
optoelectronic or digital devices at modest levels of 
integration. Silicon's relative strengths are its slower yet 
useful speed and its inherently high level of achievable 
integration due to lower process and substrate defect 
densities and lower power density. 

At present, it is impossible to combine both materials 
in one monolithic substrate and simultaneously build 
silicon and gallium arsenide digital circuits along with 
optoelectronic gallium arsenide devices without resort- 
ing to exceedingly complex defect-prone gallium arse- 
nide-on-silicon epitaxial techniques. Such techniques 
have yet to integrate more than a handful of devices for 
military purposes where cost is no object. Without 
using molecular beam and other epitaxial techniques 
well-known in the art, the goal cannot be reached even 
for that very simplistic level of integration. It is to be 
understood that the level of integration possible in such 
work is many orders of magnitude cruder than in silicon 
technology wherein one million devices can be com- 
mercially integrated today. 

Numerous telecommunication and computing appli- 
cations await the solution to the problem of achieving 
mixed technology VLSI. In many cases, it would be 
highly advantageous, in terms of performance, to exe- 
cute silicon digital designs completely in gallium arse- 
nide, but silicon devices incorporating 100,000 gates or 
more will have extremely poor yields with the inher- 
ently more defect-prone gallium arsenide material and 
processes. Thus, not only cannot one achieve VLSI in 
mixed technologies, but it is virtually impossible to 
achieve VLSI in straight gallium arsenide in large mil- 
lion-device chips like those made of silicon today. 

The list of attractive products which could be made 
possible if defect density were not such a dramatic lim- 
iter of yield and if one could easily monolithically com- 
bine the benefits of presently incompatible or unaccept- 
ably-complex process-technology combinations is end- 
less. In the area of memory devices, one could construct 
presently unyieldable ultrafast static random access 
memories (RAMs) of multimegabit density at low cost 
in gallium arsenide. In the area of sensors, one could 
construct presently unyieldable silicon charge-coupled 
device (CCD) imaging chips of several million pixels 
and thus obtain electronic images of fine photographic 
quality. In the area of microprocessors, one could ob- 
tain supercomputer performance on a single, very large 
chip incorporating silicon memory and gallium-arsenide 
logic. Numerous incompatible technologies such as 
semiconductor gallium-arsenide lasers,- optical detec- 
tors, superconducting thin films and devices, ferromag- 
netic nonvolatile memories, combinations of micro- 
wave and conventional digital/analog devices, high 
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electron mobility transistors (HEMT), quantum de- (smaller feature size) at a fixed chip size in spite of 

vices, power devices, and bubble memories could each higher defect density. Likewise, such manufacturers 

contribute to overall, uncompromised solutions imple- would be able to combine various process and device 

mented on one chip. An array of present system-level technologies in any desired manner regardless of their 

limitations such as chip-to-chip propagation delays, 5 present monolithic incompatibility. The present inven- 

clock skew between devices and reliability and cost tion does not eliminate the benefit of defect density 

disadvantages associated with multichip solutions could reduction; it simply greatly extends the scale and com- 
be overcome by replacing multiple incompatible chips plexity of what is manufacturable at any given fixed 

with one chip. defect density. 

The closest that existing technology can presently 10 It must be emphasized that the objective of this inven- 
come to the above is with hybrid-circuit techniques. In tion is not to create an improved higher-density multi- 
short, the printed circuit board is replaced with a far chip hybrid whereon interchip connections must still 
smaller ceramic substrate to which the same chips are pass from chip to substrate to chip and are still of a scale 
attached. The ceramic substrate, essentially an ultra- and density considerably below that of the chips them- 
fine-line printed circuit board, permits the chips to be 15 selves and large spaces are necessary between such 
packaged closer together and permits the on-substrate chips such that they can be mounted, tested, reworked 
incorporation of passive elements such as laser-trimmed or otherwise individually processed. Rather, the pri- 
resistors and capacitors. This does improve the perfor- mary objective is to implement all such chips in one 
mance and reliability relative to a printed circuit board chip. This will be done in a manner such that the result 
technique, but the cost is extremely high and the perfor- 20 identically physically equivalent to all of the circuitry 
mance is still far from that of a single-chip solution. being monolithically implemented. The strategy is to 
Lately, the trend is toward replacing the ceramic sub- makc th e SU pcrchi p in pieces and put it together. If one 
strate with a silicon substrate which can be manufac- ma kes such a superchip of total area A in N pieces, then 
tured on the same equipment as the chips themselves. the area of each piece, or segment, becomes A/N. Thus, 
Thus, the interconnect lmewidths are reduced to about 25 yield of each of the individual unassembled seg- 
10 ,xm for controlled impedance in tins more compact ments becomes Y s =exp(-DA/N) The yield of joining 
implementation, rather than the krger lmewidths mea- ^ incremental segment to a superchip being assembled 
sured m thousandths of inches (0 001) typical of ceramic must * high, i. e ., nearly unity, and can be assigned on 
substrates. Even in this approach, the interconnections a perincremental segment basis as Y> For a superchip 
made between the chips and the substrate are far larger 30 containing N segments, the total superchip yield based 
in scale than the inherent feature size of the chips them- on the tota] m of substrate materia ] processed can be 
selves. The signals passing between such chips pass out written „ ^ product of ^ unassemb led segment 
of a microscopic world (on-chip) into a relatively mac- ^ eIds ^ the idded seg ment-joining operations used 
roscopic world (on^ubstrate) and then back onto some to ^ d since the first segment 
neighboring chip Having to deal with the inductance 35 ^ not joined unt § a .egment is presented for the 
and capacitance discontinuities and having to optimize first joining opefatioilt ^ * he tota) F joining yieId is 

me ransnnssKMHine Denavior oi ttiese signal passages yF-K This represents how often one can successfully 

results m performance degradations relative to a one- a it ~ • • ■ w 

«k:.«i„»L xunjw.^;.. *u run ■ * r execute all of the segment joining operations within a 

chip solution. Needless to say, the reliability impact of a ■ ^ ^^^i- ^J\~ i ji r* • *u i . 

u- i „ w u ' v M •„ i ^ given superchip. The total segment yield in the simplest 

multichip hybnd approach such as this is also quite 40 ° a «u xi <• JT*. ™ :a i • / 

negative relatively shaking because in a one-chip »lu- ^ a ™' y 

tion one does not havT to employ chip-to-substrate " ™* Y T JUSt ***** y,eld °J S 

, ,^ . . -^uu v ttiyj monolithic devices, is a measure of how much starting 

solder microiomts which are much more unreliable (and * ■ i* r » , A ,. , , f 
^,^ K : ¥ ^ fM) x , - P1 . . y material is successfully yielded. Accordingly, the prod- 
much more -expensive) than on-chip thin Film mtercon- , . e . ' . * ^ . , 6J ' , \ 
nections. 45 fractional portion of material which yields 

At present, there is no available method which will go °^ unassembled segments and the probability of those 

permit the manufacture of wafer-scale devices incorpo- ^nts being successfully assembled represents 

rating any desired mix of process technologies. There* * e yield as well as the efficiency of yielding 

not even a manufacturable wafer-scale device limited to ^ ongmal raw matena1 ' 

one process technology which does not grossly com- 50 

promise performance due to extensive use of redun- Yapenhip ~ {Yf~ x ) e*v(-DA/N) 

dancy. The only conceivable approach to currently 1 I I I 

building a single process logic/memory wafer-scale I I 

device would have to incorporate extensive use of re- joining before-joining 

dundant backup circuits. The problem with these ap- 55 yie yie d 

proaches and other similar discretionary wiring ap- -n,^ - M im ^ Mtm ^ t „ - « > a u 

proaches is that the more redundancy one employs^ J^odd improvement due to the segmented approach 

obtain yield, the further one gets from the performance p 
of the most compact implementation, that of a yielding 

non-redundant device. This is particularly true for logic 60 YatpenMp (Y?~ } )exp(-DA/N) f 
devices, and since increasingly most application- Y a txp(-DA) = Yy~ c 0 * 1 -"^ 
specific device types employ logic devices, the argu- 
ment is qualitatively correct in general. Obviously, for values of DA which are realistic i.e., 
The objective of the presently disclosed invention is at least unity, values of N of only 3 or greater and values 
to permit chip manufacturers to reduce the impact of 65 of Yj of 0.95 (i.e 95%), then the yield improvement by 
the exponential yield law such that they can both yield segmentation can be at least 75% (i.e., the ratio is 1.75). 
much larger chips at a given fixed feature size and de- For more likely applications, DA would be much 
feet density or conversely build much denser chips larger, say 5 to 10, giving improvements in yield for 
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three segments of from 2500% (ratio =25) to 70,800% posite of what chip-manufacturers are spending billions 
(ratio =708). For the same two cases if the number of of dollars to attain, i.e., ultra-clean, paniculate-free 
segments is increased from N = 3 to N=6, then the operations with no instances of mechanical abrasion or 
improvements range from 5,000% (ratio =50) to tribologically-produced debris. Any contact with the 
322,000% (ratio =3,220). Thus, it becomes possible not 5 product must be highly controlled, reproducible and 
only to obtain acceptable yields for any size superchip clean, and preferably not contact the active device sur- 
but to freely mix technologies among the segments. face at all. 

The obvious challenge is how one can possibly hope Biegelsen et al suggest that their grooved plate will 
to align and join such segments in a manufacturing catch the debris, but submicrometer debris is more af- 
environment in high volume. Just the task of aligning 10 fected by electrostatic and turbulence effects than it is 
two such segments even in one direction on a submi- by gravity. Wafer manufacturers have to use very ag- 
crometer-accuracy scale is complex and requires exotic gressive cleaning techni ques not amenable to such seg- 
micromanipulation devices. What is required is three- ments to remove such debris from wafers, 
dimensional X,Y,Z and $ (angle) matchup on N seg- Two additional serious deficiencies are 1) the limited 
ments simultaneously, and then the implementation of a 15 segment shapes available and resulting geometric diffi- 
joining interconnection process on a scale equivalent to culty of simultaneously abutting an array of diamond- 
that of the device features themselves with very high shaped segments and 2) the fact that Biegelsen et al say 
yields and low built-in stress. Thus, not only is it re- nothing in detail about how to interconnect the seg- 
quired to simultaneously mechanically manipulate N ments as formed using their technique once they are 
segments in three dimensions, but it also is required to 20 abutted and only reference one to other patents, such as 
do so in an ultra-clean, non-defectproducing manner. U.S. Pat. No. 3,870,850 and U.S. Pat. No. 3,301,716, 
This is inconceivable, given present technology, the which do not appear to even be remotely applicable to 
severe defect restrictions, and the required throughput the task. This is hardly a trivial matter, as Biegelsen et al 
needs necessary for any commercially successful prod- clearly imply. The present invention describes the im- 
uct> 25 portant issues of gap control and differential expansion 

The only direct attempt to pseudomonolithically not discussed or referred to by Biegelsen et al. 
build chips from segments known to the present inven- If one has ever taken square pieces of tile and placed 
tor and which claims to result in chips whose assembled them on a flat surface and tried to simultaneously corn- 
segments are essentially indistinguishable from the pact them into a large square array with no gaps, one 
monolithic approach is that of Biegelsen et al, U.S. Pat. 30 notes how easy it is for even one badly aligned segment 
No. 4,542,397. Biegelsen et al partially address only the to ruin the fit of the entire array. This is especially true 
alignment issue, but not the joining and defect issues. for four-sided segments. The only solution is to com- 

The approach of Biegelsen et al has four deficiencies, pact them one at a time, which greatly slows down the 
two of which are fatal. The first fatal deficiency is that process, especially if each one has to be individually 
the invention requires that the wafers employed be of 35 manipulated mechanically. Arrays whose segment- 
<110> axial orientation semiconductor crystal, a sel- edges fall on common lines passing all the way through 
dom-used orientation not desirable in integrated circuit the superchip will always have this binding problem, 
manufacturing, wherein <100> material is exclusively especially if the segments are gravitated or shaken and 
used in order to minimize built-in gate oxide charges slid together in the manner of Biegelsen et al. The accu- 
and carrier mobility anisotropics in silicon devices. The 40 mulation of tolerances, Le., segment size variations, can 
approach of Biegelsen et al will not give vertical chip also cause binding problems in such arrays. The ap- 
edges in the <100> material most commonly used. proach of Biegelsen et al is not conducive to evenly 
One is limited, even in <110> material, to chip shapes distributing tolerance variations over the whole array, 
which follow his latent crystal planes. Further, the three-dimensional alignment accuracy of 

The second fatal deficiency for the Biegelsen et al 45 the Biegelsen et al approach is limited by the defects 
approach is that segments such as those defined by produced during the intersegment dry-contacting and 
Biegelsen et al are ultrafragile in that they consist of dry-sliding events which takes place numerous uncon- 
brittle semiconductor materials with razor-sharp edges trollable times and by the nature of some potentially 
and no methodology is presented which will keep those particulateladen reference surface on which their seg- 
edges from damaging each other. Even the slightest 50 ments lie. From the figures of Biegelsen et al, one can- 
mechanical contact of two segments with any velocity not even conclude whether or not they employ the 
appreciably above zero will produce particulate debris device-surface to He against the reference surface (up- 
and edge damage. Such debris will foul the smooth side down), thus permitting segments of different thick- 
motion and joining alignment required. Such damage ness typical of the thickness variation between wafers 
and debris will prevent the implementation of submi- 55 but introducing damage directly to the active device 
crometer intersegment interconnections. Although Bie- surfaces. Their alternative, as mentioned, is to have the 
gelsen et al suggest employing a grooved surface plate segments sit face-up, in which case, any segment thick- 
into whose surface such debris can fall, the damage to ness variation will not allow the chip edges to match, 
the integrity of the edges is already done. Furthermore, As noted herein, the defect particles and corresponding 
the active device surface in the approach of Biegelsen et 60 edge-damage produced in the Biegelsen et al approach 
al must be face-up on their vibrating table or it will be will not only interfere with micrometer-scale alignment 
damaged. Thus, chip segments of different thickness due to binding and debris between and under segments, 
cannot easily be joined due to their height mismatch. but will also interfere with the later formation of inter- 

The debris described above will also cause defects in segment interconnections because portions of the seg- 
the later patterning of the intersegment interconnec- 65 ment edges are missing on the scale of the interconnects 
tions. It must be emphasized the defects produced by to be implemented (i.e., about one micrometer or less), 
the segments and energetic forceful segment-alignment References to "closely abutting" integrated-circuitry 
mechanics described by Biegelsen et al are just the op- constructed on multiple independent bodies of semicon- 
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ductor material are undoubtedly numerous. As an ex- 
ample, U.S. Pat. No. 4,322,737, issued Mar. 30, 1982, to 
Jack Sliwa and assigned to INTEL Corp. clearly shows 
such a concept in FIGS. 17a and 21. However, this 
reference, like so many others, is not specifically de- 5 
signed to implement micrometer-scale intersegment 
interconnections, so all of the particulate and edge dam- 
age issues are ignored and no particular claims relating 
to micrometerscale extendabilky are made. 

10 

SUMMARY OF THE INVENTION 

In accordance with the invention, the extraordinary 
difficulty and defect-prone task of bringing all the seg- 
ments together in perfect 3 -dimensional alignment and 
in perfect particulate-free fashion with high throughput 15 
and exacting reproducibility at low cost is achieved by 
the innovative use of a liquid surface-tension driven 
flotation and assembly mechanism. In essence, the seg- 
ments pull themselves together to minimize surface 
tension and in so doing, the liquid self-limits and hydro- 20 
dynamically damps the maximum forces to which the 
segments are exposed. During the operation, the flota- 
tion agent liquid lubricates the segments and provides a 
mechanism to remove any unlikely particulates which 
might be produced. It also serves to actually float or at 
least lubricate the segment faces in applications wherein 
a reference plate is used to force the segment topsides to 
be coplanar. The flotation liquid, or an additional liquid 
film floating on the flotation liquid itself, or another 3Q 
liquid presented later after alignment is achieved and 
the flotation liquid is removed, constitutes the perma- 
nent bridge required between abutting segments after a 
solidification sequence takes place. The liquid is cured 
or solidified in place after it spontaneously forms micro- 
bridges across the intersegment gaps. The microbridge 
shape is controlled by the liquid surface tension and is 
highly reproducible. 

In order to initially form segments by defining the 
segment edges, an applicable combination of dry- 40 
etching, laser-machining and wafer-sawing is em- 
ployed, giving complete shape freedom. The segment 
formation method of Biegelsen et al, which is known 
art, is also applicable for the few applications wherein 
<110> axial orientation material can be utilized. A 45 
second segment formation method is described also. 

Other objects, features and advantages of the present 
invention will become apparent upon consideration of 
the following detailed description and accompanying 
drawings, in which like reference designations repre- 50 
sent like features throughout the FIGURES. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings referred to in this description should be 
understood as not being drawn to scale except if specifi- 55 
cally noted. Moreover, the drawings are intended to 
illustrate only one portion of an integrated circuit fabri- 
cated in accordance with the present invention. 

FIG. 1 is a perspective view depicting three segments 
to be joined to form a superchip; 60 

FIG. 2 is a perspective view showing the required 
edge profile for each segment taken along section 2—2 
Of FIG. 1; 

FIGS. 3a-3a, 3a'-3c', 3a"-3a", 3a'"-30'" illustrate 
several approaches to attaining such an edge profile as 65 
depicted in FIG. 2; 

FIG. 4a shows three such segments floating in a host 
liquid; 
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FIG. 4b shows the same three segments brought to- 
gether by surface tension forces; 

FIG. 5 shows the three segment superchip with one 
additional layer of interconnect which joins the circuit 
features on the adjacent segments, the superchip shown 
embedded in solidified flotation liquid; 

FIG. 6 is a perspective view, partly in section, taken 
along the line 6—6 of FIG. 5 showing what an abutting 
interface looks like after the intersegment interconnec- 
tions are formed; 

FIG. 7 is a perspective view, partly in section, of 
what a linear array through six approximately rectangu- 
lar segments looks like after interconnection; 

FIG. 8 shows the slightly modified shape of a rectan- 
gular segment in order to give it self-alignment action 
during flotation assembly; 

FIG. 9 depicts optional modifications to the segment 
surface and segment edge in order to guarantee that a 
polymer fillet microbridge will always be present even 
if the intersegment microgap is zero and there is vertical 
misalignment; 

FIGS. 10a and 106 show the application of the pro- 
cess in such a way that the segments never actually float 
but the liquid still pulls the segments together and lubri- 
cates their movement from remote locations; 

FIGS lla-c are side elevational views showing the 
application of the process in such a way that the seg- 
ments (a) again have their prospective abutting edges 
prewetted by the agent liquid such that when the oppos- 
ing edge bead meniscuses touch each other, such sur- 
face tension will again pull them laterally together, and 
(b) the segments (before they actually undergo the lat- 
eral surface-tension driven assembly at the time when 
they contact each other) are rendered mobile by being 
suspended from or on a reference plate such that they 
can be brought into meniscuscontact by external means 
with minimal required force; 

FIGS. 12a and \2b are side elevational views show- 
ing an arrangement similar to the floated assembly of 
FIGS. 4a and 4b> but with the additional feature that an 
externally applied flat reference substrate insures abso- 
lute coplanarity before microbridge solidification; 

FIG. 12a' is an enlargement of a portion of FIG. 12a; 

FIG. 13 is a side elevational view showing a flotation 
assembly approach wherein the segments are actually 
floating in a liquid-liquid interface between two liquids, 
either top-side up or top-side down; 

FIG. 14a is a perspective view showing how segment 
edge-damage can be healed by a cured-in-place liquid; 

FIG. 14a is a perspective view showing how the 
abutment edges can be independent of the edges wetted 
by the liquid; 

FIG. 15 is a perspective view showing a method of 
making ultrasmall segments or ultrathin segments; 

FIG. 16 is a perspective view showing (a) a mother 
substrate having at least one receptacle into which a 
segment can be mated using the liquid means and then 
microbridged in accordance with the invention, and (b) 
an optional ability to employ two or three dimensional 
selective tungsten electrical and thermal contacts; 

FIG. 16a is an enlargement of a portion of FIG. 16, 
depicting a portion of a selective tungsten connection 
between a segment and a superchip; 

FIG. 16a is a side elevational view of an interconnect 
between a plurality of stacked segments; 

FIG. 16c is a cross-sectional view, shown enlarged, of 
a portion of FIG. 16, taken along the line 16c— 16c, 
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illustrating a selective tungsten connection between a 
superchip and a plurality of vertically stacked segments; 

FIG. 17 shows a multisegment superchip in which 
one segment serves as a connector to adjacent multiseg- 
ment superchips; 5 

FIG. 17a is an enlargement of a portion of FIG. 17; 

FIG. 18 depicts, in cross-section, a segment parent 
wafer whose three segments have trench-etching seg- 
ment delineation from the frontside and blanket selec- 
tive wet-etching thinning from the wafer backside; 10 

FIG. 18a is an enlargement of a portion of FIG. 18; 

FIG. 19 shows a microgap between segments in 
which the polymer supporting material is etched away 
between the interconnect traces using the traces as a 
mask, thus affording additional strain relief; and IS 

FIG. 20 shows several segments stacked on edge 
brought into initial but controlled position by the same 
liquid manipulation approach; intersegment intercon- 
nect traces are shown formed on the edges of the 
stacked segments as opposed to across the edges of the 20 
two-dimensional array of segments. In this scheme, 
each large intersegment wetted interface would have 
isolated wettable sections such that all the liquid does 
not flow to one corner and such that the gaps can be 
reproduced. 25 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference is now made in detail to a specific embodi- 
ment of the present invention, which illustrates the best 30 
mode presently contemplated by the inventor for prac- 
ticing the invention. Alternative embodiments are also 
briefly described as applicable. 

FIG. 1 depicts three hexagonal segments 10a-c, each 
of thickness t, which are to be mated together along 35 
their edges 12. Each edge has a critical abutting portion 
12a, as well as a non-critical, non-abutting portion 126, 
as shown in greater detail in FIG. 2. It is the 12a surface 
which is employed to control the final fit of the segment 
array. The non-abutting portion 126 of edge 12 is simply 40 
a mechanical relief region and is not required to contrib- 
ute to intersegment alignment. It will be noted in FIG. 
2 that the edge portion 12a need only be a small fraction 
of the total edge area 12. Although none of the Figures 
is to scale, the potentially relatively small portion 12a is 45 
properly depicted with respect to edge 12; however, the 
edge portion used by 12a can be up to 100% of the edge 
12. Edges 12a must be flat and smooth to a degree such 
that the abutment will be sufficiently accurate. For an 
application wherein 1 jim intersegment connections are SO 
implemented on a 2 fxm pitch, the accuracy and smooth- 
ness requirements of edges 12a will be a fraction of 1 
fim. 

In FIG. 1, the top surface 14 of each segment 10 is 
provided with circuitry 14'. Such circuitry is formed by 55 
prior art procedures and thus is not further described 
herein, except to note that it may comprise any of the 
circuitry features discussed above. As used herein, "IC" 
is used broadly to include analog and digital integrated 
circuits, light emitting diodes (LEDs), solid state lasers, 60 
transducers, and other semiconductor-based micromin- 
iature devices and elements, whether active (e.g., tran- 
sistors) or passive (e.g., resistors and connectors), em- 
ploying silicon, gallium arsenide, or other semiconduc- 
tor material. 65 

FIG. 3 addresses accuracy and smoothness wherein is 
depicted the use of anisotropic reactive ion etching 
(RYE) or electron-cyclotron resonance reactive ion 



etching (ECR-etching) to form the critical edge sur- 
faces 12a. It is to be noted that such equipment is readily 
available and capable of etching such slots or trenches 
with aspect ratios greater than 20 to 1. Typically, an 
etcher such as the Applied Materials 5000 Trench- 
Etcher would be used. An etch mask 16 may consist of 
only photoresist or of a hard oxide mask or metal mask 
which is pre-defined using a resist mask. Another possi- 
bility for etching the alignment surfaces 12a is excimer 
laser etching. 

Once the surfaces 12a have been formed in the parent 
wafers of each segment type, then it is necessary to 
separate those segments by creating the relief defined 
by non-critical edge areas 126. This may be done in 
several manners, as depicted in FIG. 3. 

The scheme depicted in FIGS. 3a and 36 utilizes a 
wafer-sawing step or excimer laser etching step to ere- * 
ate the surfaces 12b from the underside of the segment 
parent wafers. The scheme depicted in FIGS. 3o*, 36', 
and V is similar but involves etching a wider slot to 
form surfaces 12a and using a wafer saw to cut most of 
the way through from the underside and finally using an 
excimer laser to machine away the remaining web of 
material. In FIG. 3c', the removal of the final remaining 
material after topside reactive ion etching and underside 
wafer sawing may be accomplished by the excimer laser 
either from above or below. In FIG. 36', one would 
employ a bottomside wafer-saw cut (or kerf) of width 
sufficiently large to overlap the topside trench width as 
defined by walls 12a. 

Given the greater width of the topside cut to form 
surface 12a and the backside (underside) cut to form the 
first parts of surface 126 relative to the scheme depicted 
in FIGS. 3a and 36, there is enough room to finish up 
the separation task using the excimer laser or other 
desirable laser operating at an ideal non-vertical illumi- 
nation direction. 

FIG. 3 does not depict numerous other ways of arriv- 
ing at a similar edge 12, including utilizing the excimer 
laser to etch all the way through the segment parent 
wafers from one or both sides. On the other hand, an- 
other approach would be to wafer-saw all the way 
through the wafer from the bottomside using a tapered 
blade. This would result in segment edges 12 as shown 
in FIGS. 3a" and 36". In FIG. 36" can be seen the 
application of laser machining from above to define 
surfaces 12a after roughforming them in FIG. 3a". 

In FIGS. 3a" and 36", the primary purpose of mask 
16 is to prevent redeposition of the evaporated molten 
chip semiconductor material onto the active device 
areas 14'. This is a widely used approach in laser-mark- 
ing of IC devices. It must be emphasized that edge 
portion 12a does not necessarily need to be located 
adjacent active device surface 14 and could be located 
anywhere on edge 12,. including at the bottom edge. 

Yet another viable approach to forming critical edge 
abutment surfaces 12a is shown in FIGS. 3a'" and 36"'. 
In this scheme, one merely roughly defines edge 12 with 
etching or other means and then buiids-up a portion of 
the edge using a photodefinable polymer 18 such as 
photosensitive polyimide. The advantage of this ap- 
proach is that there is no ultraprecise etching or cutting 
of the chip segment edges required. The precise edge is 
lithographically made of a cantilevered segment of 
structural photosensitive polyimide. The edge defini- 
tion is done from above With exposure and development 
of the polymer in the usual and normal manner. To 
compensate for shrinkage during curing of the polymer, 
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surfaces 12a may be trimmed using an excimer laser. With regard to FIG. 6, it is well-known that as circuit 
The other advantage of the approach depicted in FIGS. feature linewidths continue to shrink below 1 pm, the 
3a'" and Zb"' is that edges 12a are reworkable as well as depth-of-focus of the optical tools employed also con- 
non-fragile relative to semiconductive substrate mate- tinues to shrink down to the few-u.m level or less. Thus, 
rial. 5 it is extremely important that the solidified microgap 

FIG. 4a shows three hexagonal segments lOa-c float- polymer 22 of FIG. 6 has a surface .bridging the gap 
ing in a flotation liquid 20. It is to be emphasized that the which is contained within that depth-of-focus. If this is 
segments 10 may float due to their density being less not the case, then attempts to print u-m-sized metal lines 
than that of the liquid 20 or conversely may be made to and spaces across such gaps will result in failure due to 
float even with higher density than the liquid if the 10 electrical shorts caused by poor lithographic definition, 
surface tension of the liquid surface is sufficiently strong in turn caused by an out-of-focus exposure. The con- 
and the liquid 20 does not spontaneously wet the active trolled wetting of liquid 20 and the controlled planarity 
device surface. In an effort to reduce the surface energy of all the segments using the liquid approach gives the 
of the liquid 20, a driving force will be present which desired result directly, Le., that of "shallow" micro- 
pulls the segments 10 together. The total energy present 15 bridges and coplanar microbridges. In the Biegelsen et 
in the form of the liquid surface distortions and menis- al approach, although there is no indication given of 
cuses is thus minimized and the driving force to have this, the only available technique to fill the gaps would 
the liquid climb up into the ever-decreasing interseg- leave polymeric material also covering the segment 
ment gap by capillary action is satisfied. The capillary device surfaces and thus would require an additional 
action in the gaps creates further intersegment adhesive 20 masking step to expose the contacts of each segment to 
forces. A multi segment unit 10' is thereby created spon- be connected. In this invention, the interconnect metal 
taneously The closure rate increases with increasing can be deposited immediately after flotation-assembly, 
surface tension and decreasing viscosity. as no polymer goes on the device surface. 

The equilibrium state, in the case of hexagonal seg- However, alternatively in the practice of this inven- 
ments, is not only abutted but perfectly aligned as well, 25 tion, once the solidified microbridges are formed, one 
as depicted in FIG. 4b. Thus, with no external mechani- may deposit another thin dielectric layer and cut 
cal means, segments can be brought together and contacts down to segments before implementing inter- 
aligned in three dimensions with submicrometer accu- connects 26. The advantage herein is that with the de- 
racy while producing virtually no particulates due to position of such a film over the pre-coplanarized and 
the self-controlled surface-tension forces. Assuming the 30 closely abutted segments, one is not concerned about 
liquid 20 itself is a curable polymer, then when the planarizing and filling the gaps. In yet another embodi- 
segments 10 are aligned and abutted as shown in FIG. ment wherein liquid 20 is removed after it serves its 
4b, one may, for example, apply heat or UV-radiation to alignment/abuttment function, a dielectric layer, such 
cure and/or crosslink the polymer material 20 to form as plasma TEOS oxide, may be conformally deposited 
solidified microbridges 22 (shown in FIG. 6). 35 over the segments and gap surfaces. In this approach, 

FIG. 5 depicts the pseudomonolithic superchip 10' of that dielectric deposition itself bridges the gaps because 

FIG. 4b after curing/hardening the flotation polymer the nominal thickness being deposited is greater than 

20 to its solidified form 22 after it has drawn the seg- the half-width of any gap present in the structure. This 

ments together and filled the abutment joints with a process is just like the planarization of isolation trenches 

meniscus. Two mating abutment surfaces 12a form an 40 in silicon as used in the art for device isolation, 

interface 24, which has intersegment interconnects 26 FIG. 7 is an indication of an array employing rectan- 

passing across it. The thin film interconnects 26 are gular segments. An approach to making this work is 

formed by conventional means across the intersegment shown in FIG. 8. In FIG. 8 is shown a perspective view 

solidified polymeric microbridge material 22. The co- of a rectangular segment 10c with abutting edges 12. It 

planarity of the segment topsides floating in the liquid 45 will be noted that each abutting edge 12 incorporates a 

film surface 20 insures the vertical alignment of each chevron-shaped taper. Shown is an adjacent mating 

segment 10 to each neighboring segment. The wetting segment 106 ready to be drawn in by surface tension, 

action of the liquid 20 oh the segment edges 12b and 12a The important point is that 6 need only be a few degrees 

insures the capillary movement of liquid 20 up to the to result in sufficient directional surface tension-induced 

top of the intersegment gaps and also insures that the 50 alignment forces to correct the intersegment alignment 

liquid 20 will not spill over or wet purposely unwettable in all three dimensions including along the long dimen- 

device surface 14. sion of the segment. It is to be emphasized also that the 

The self-limiting surface tension forces which pull the minute amount of tapering may be applicable to edges 

segments 10 together combined with the self-limiting 12a only or to both 12a and 12b. 

movement of the flotation liquid 20 into the capillary 55 FIG. 9 depicts the same microgap between segments 

gap formed by abutting edges 12a is considered to make as shown in FIG. 6, but with a choice of optional modi- 

tbe seemingly impossible task of assembling and micro- fications which guarantee that the microgap polymer 

bridging numerous such segments not only possible but microbridge will never have zero width, which could 

easy and volume-manufacturable with low defect den- cause metal bridging and shorts during patterning and 

sity* 60 etching. For example, where the microgap is of zero 

In FIG. 5, the flotation liquid has also served as the width and there is a vertical offset between segments, as 
microbridging liquid and has been solidified in place. depicted at 28, then the flotation liquid 20 has no mi- 
Conventional thin film sputtered metal deposition fol- crogap to remain in and there will be no solidified poly- 
lowed by conventional lithographic masking and etch- mer microbridge 22. Given that the segments will not 
ing is employed to pattern the intersegment intercon- 65 be perfectly vertically aligned 100% of the time with 
nects 26. For packaging purposes, solidified liquid 22 each other, then ah abrupt step can occur, 
may be removed from the assembly bottomside such There are two solutions to this problem and they are 
that a conventional epoxy die attach can be executed. both depicted in FIG. 9. A non-wettable film 30 keeps 
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the flotation liquid 20 from wicking onto the device 
segment surfaces 14 but does permit some limited edge 
wetting such that a polymer fillet 32 of microjoint solid- 
ified polymer 22 is always present. 

In the case of flotation liquid 20 being a polyimide, 5 
the film 30 may consist of silicon nitride or a fluoropoly- 
mer film such as thin-film Teflon. In the case of silicon 
nitride, only a few hundred Angstroms are necessary, 
but typically, the film would simultaneously be serving 
as a device passivation, in which case it would be about 10 
3,000 to 10,000 A thick. A fluoropoly mer such as Teflon 
need only also be a few hundred Angstroms thick. Sili- 
con nitride would be applied by plasma chemical vapor 
deposition, whereas a fluoropolymer could be deposited 
by plasma polymerization or sputtering. IS 

An additional approach to the problem mentioned 
above involves the use of castellations or reliefs 34 
formed in abutment edge 12a. These can substantially 
decrease the maximum potential fillet slope. The castel- 
lations could be etched by making the trench-etching 20 
operation to form surfaces 12a etch trenches with verti- 
cally grooved walls, for example. This also can insure 
solidified polymer fillet formation even at zero mi- 
crogap dimension when the chips are perfectly copla* 
nar. Shown situated on top of the solidified polymer 25 
fillet 32 is a typical intersegment interconnection 26. 

In FIG. 9, the relief 34 also acts to permit the passage 
of fluid 20 through an otherwise zero-width gap such 
that fillet 32 can always form. The reliefs 34 may be on 
one or both mating segments and may be of any desired 30 
length and spacing. 

DISCUSSION OF FLOTATION MECHANISM 

AND MEANS 

The flotation liquid 20 as depicted in FIG. 4a is but 35 
one approach to employ the liquid-assisted assembly 
means of this invention. The four key mechanisms of the 
liquid with regard to the assembly action are (a) the 
ability of a liquid to render mating segments coplanar in 
preparation for assembly (joining); (b) the ability of a 40 
liquid to drive segment compaction at long and/or short 
distances as it seeks its minimum surface tension config- 
uration; (c) the ability of the liquid, by virtue of its 
viscosity and lubricating properties, to set an upper 
limit on the frictional and collision forces between seg- 45 
ments (and between segments and reference plates if 
one is used); and (d) the ability of the liquid to also serve 
as the permanent intersegment microbridges in the case 
of its having the ability to solidify into a useful micro- 
bridging material after its self-limiting capillary filling 50 
of any remaining microgap is complete. 

An additional ability of the liquid to act to mechani- 
cally suspend segments above the surface (or below a 
surface) of a wetted reference plate in order to render 
them mobile as shown in FIG. 11 is also useful, but 55 
independent of the other four aspects which are always 
available, even without a reference plate. 

Not all of the features need be exercised in a given 
application; therefore, examples of this will now be 
given with reference to additional Figures. 60 

EXAMPLE 1 

In this Example, a first liquid is used to draw seg- 
ments together over macroscopic distances and a sec- 
ond liquid independently forms solidified microbridges. 65 

In FIG. 10a, two segments 10a, 106 with abutting 
edges 12 are shown with their active device surfaces 
face down on an auxiliary flat reference surface 36. The 



liquid 20 is introduced which promptly wets the wetta- 
ble abutment faces 12. The liquid will draw the seg- 
ments together as shown by the arrows in FIG. 10a, 
especially if either the segment surfaces other than 
edges 12 are not wettable (as shown in the drawing) or 
if both edges 12 and segment backside surfaces (oppo- 
site device surface 14 and face-up in FIG. 10a) are wet- 
table (not shown) and liquid 20 is gradually evaporated 
or removed such that the last place it remains before 
completely disappearing is solely in the microgaps due 
to its tendency to move there under the influence of 
capillary pressure. As depicted in FIG. 10, the segment 
top and bottom surfaces are not wettable and the refer- 
ence surface 36' is also not wettable. The liquid 20 may 
be introduced by virtually any means including immer- 
sion, drip dispense, spray, ultrasonic spray, syringe dis- 
pense, or condensation. The liquid may already be dis- 
posed on the segments or on the plate or on both even 
before the segments are placed on the plate. The liquid 
may also be provided by melting a previously solid 
material previously disposed on the segments, plate, or 
both segments and plate. The liquid may also be intro- 
duced through holes or pores in the reference plate. 

As the liquid moves to fill the intersegment gaps by 
capillary action, it draws the segments together. The 
motion of the segments may be made easier by provid- 
ing ultrasonic agitation, by making surface 36' very 
slippery, such as with a polytetrafluoroethylene or 
nylon coating or by having surface 36' be tilted or hav- 
ing air or inert gas ejected from a perforated surface as 
indicated by Biegelsen et al in their FIG. 3 (a common 
air table known in the art). Liquid 20 may be arranged 
to completely evaporate in the case where it is not 
employed as the permanent microbridge material and 
after alignment/abutment is complete. In such a case, a 
second liquid would be introduced in a fashion such as 
suggested for the first liquid which would also wick into 
the interfaces (now that the segments are abutted) and 
that second liquid would be solidified in place. The 
drawing-together action is due to the initial co-wetting 
of the two segments 10a, 10b shown in FIG. 10a allow- 
ing for flow of the liquid to the extremities as it mini- 
mizes its presence in the intersegment regions by nar- 
rowing their dimension in an attempt to minimize the 
total surface energy and satisfy capillary forces. In 
FIGS. 10a and 106 in this two-liquid approach, the first 
liquid (the joining action liquid) may wet substrate 36, 
but the final curing liquid (the second liquid) would not 
wet the substrate unless its cured adhesion strength to 
the substrate is minimal. If this were not the case, the 
reference plate could not be removed. 

EXAMPLE 2 

In this Example, liquid is not used to draw segments 
together over macroscopic distances, but does suspend 
segments face up. The same liquid forms microbridges 
upon the segments achieving close proximity as aided 
by external means. 

In FIG. 11a, two segments 10a, 10b with abutting 
edges 12 are shown with their active device segment 
surfaces face-up sitting on a set-up surface 38. On the 
active device topside surfaces 14 is shown three bodies 
of wetted fluid 20 wetted to three topside wettable areas 
40. The edges 12 also retain wetted fluid 20 With the 
abutting edges prewetted, when the opposed edge bead 
meniscuses touch each other, surface tension will tend 
to pull them laterally together. 
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In FIG. 116, a superflat substrate 36 similar to that of 
FIG. 10 is shown. However, in this case, disposed on 
the underside of substrate 36 are additional wettable 
areas 40 which also are wetted by liquid 20. The sub- 
strate 36 is brought into contact from above with like- 5 
wise wetted segments 10, causing the substrate 36 and 
segments 10 to be mutually joined via the co- wetting of 
juxtaposed wettable areas 40 Thus, the segments 10 are 
physically suspended and may indeed undergo exter- 
nally induced lateral motion Given the mutually op- 10 
posed wettable grids of wettable areas 40, there will 
always be a capillary suction force because during mo- 
tion as old capillary wetting bonds are broken, new ones 
are formed. The segments 10 may be moved together in 
this case by air jets, by tilting or other mechanical IS 
means. Once the liquid 20 sitting on opposed edges 12 
touches, then the two segments will be intimately 
drawn together, as shown in FIG. 11c. Alternatively, if 
the opposed wettable pattern or grid 40 does not have 
the same pad pitch, then the individual interpad menis- 20 
cii will be distorted and the segment will have a ten- 
dency to move in a direction to minimize the average 
distortion. Thus, selection of an appropriate pattern can 
cause movement of the individual segments to abut, 
without the use of external forces. 25 

In FIG. 11c, the microbridging liquid could be cured 
from below selectively using UV radiation crosslinking. 
In FIG. 11, there is no drawing-together action until the 
segments, wetted edges 12 contact each other. If the 
microbridging material 22 is selectively cured, then 30 
substrate 36 can be removed, so long as means are pro- 
vided to attach this multisegment unit 10' to a substrate 
It should be noted that the arrangement of FIGS. 116 
and 11c may be flipped upside-down such that the seg- 
ments are face down on the flat substrate 36, similar to 35 
the approach of FIG. 10; that is, this approach can work 
either way. 

In the foregoing scheme, the agent liquid's drawing 
power is only employed over short distances on the 
order of a meniscus diameter. In FIG. 1, the liquid 20 40 
does all the work, even at long range. In FIGS, lla-c, 
the quantity of liquid used is far less and the chip back- 
side can be kept clean as a result. The chip backside can 
also be kept clean in the FIG. lOa/10? approach. 

EXAMPLE 3 45 

In this Example, liquid is used to draw floated seg- 
ments together over macroscopic distances, but copla- 
narity is enhanced by external means. 

In FIG. 12 is shown yet another variation on the basic 50 
technology. Here, a pool of liquid 20 has two segments 
10a, 10b which have already been drawn together as 
shown in FIG. 12<z by surface tension forces (as also 
shown in FIG. 4b) A difference here is that a superflat 
non wettable substrate 36 is brought down from above 55 
such that the co-wetted floating segments are forced to 
be perfectly coplanar if they are not already (FIG. 12b). 

It will be noted in the exploded view of FIG. 12a, 
that the wetting flotation liquid 20 forms a meniscus 
which slopes upward to the chip surface 14 which is 60 
actually slightly above the liquid surface in the case 
wherein the liquid density is greater than that of the 
segments and the segment edges are wettable. This 
distance d of FIG. 12a' is a function of the balancing of 
surface tension forces and buoyancy forces, d may actu- 65 
ally be negative such that the meniscus curves down- 
ward to the segment edge if the segment is denser than 
the liquid In the case of FIG. 126, these distances for 
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each and every segment are reduced to zero by lower- 
ing substrate 36 Substrate 36 may be designed itself to 
float. The microbridging liquid 20 in the intersegment 
gaps would be solidified (cured) while substrate 36 
maintains perfect coplanarity. In the case of d being 
negative, the substrate 36 may be designed to allow the 
pulling of a vacuum by pumping gas through its thick- 
ness. Thus, the air pockets defined by the segment areas 
having negative d can be evacuated and the configura- 
tion of FIG. 12b obtained. 

There are numerous approaches similar in nature to 
that of FIGS. 12a and 12b t with or without the use of 
"enhancement" substrates. Another would be the case 
wherein instead of substrate 36, one would introduce a 
second liquid 20' which forms a liquid-liquid interface 
with liquid 20 but which does not appreciably mix with 
liquid 20. Thus, the segments 10 actually float in a liq- 
uid-liquid interface. The orientation of the segments 
could now be face down as shown in FIG. 13. In FIG. 
13 is shown two segments 10a, 106 floating on liquid 
mercury 20' on top of which a UV-curable, liquid poly- 
mer material 20 also floats. The extremely high density 
and surface tension of liquid mercury 20' gives a result 
equivalent to that of FIG. 12b using rigid substrate 36. 

Common themes of these examples and the multiple 
variations possible on just these examples are as follows: 

Precision abutting edges 12a are formed on at least 
part of the mating segment edges 12. 

An agent liquid is used at least in one of the following 
ways: 

1) to form liquid microbridges when oppositely fac- 
ing wetted segment edges 12a co-wet each other on 
meniscus contact, the microbridging action as 
driven by surface tension forces achieving final 
segment alignment and possibly also serving as a 
final structural microbridge in a solidified state; 

2) to draw together by surface tension forces multiple 
segments over macroscopic distances in a coplanar 
manner when those segments are floating on or in 
a liquid-gas or liquid-liquid interface or are sitting 
on a reference surface. (When contact is made, the 
final alignment is achieved by the liquid micro- 
bridging action, i.e., the liquid is drawn into and 
upwards into any remaining wettable gap); 

3) to control the assembly action forces acting on the 
segments via surface tension and viscosity selection 
to minimize mechanical damage. An extreme ex- 
ample of using only the mechanical-damping and 
lubrication properties of the fluid but not necessar- 
ily any of its microbridging/alignment abilities 
would be basically the Biegelsen et al approach, 
with the key modifications being that the segment 
edges are all wetted, <100> material can be used, 
and segments are fabricated as described herein. 

4) to lubricate the segment edges such that interseg- 
ment friction is reduced; 

5) to damp external mechanical vibration to minimize 
mechanical intersegment damage as exercised, for 
example, in schemes which fully float the seg- 
ments; 

6) to provide a means of handling ultrafragile parts 
without external mechanical manipulation in order 
to minimize particles and damage; 

7) to create an ultraclean and reproducible environ- 
ment for segment assembly in that a fluid has two 
highly advantageous properties; 
a) it can be circulated through an ultrafilter or 

distilled, and 
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b) its properties are highly reproducible and the 
cost can be low; and 

8) cnce assembled into arrays of segments, the result- 
ing superchip is much more tolerant of packaging- 
induced stresses than its monolithic counterpart, 5 
due to the flexural elasticity allowed by the solidi- 
fied microgap material. 

A further benefit of the liquid 20 forming micro- 
bridges 22 between segments 10 and curing in place is as 
follows. Reference is made to FIG. 14. 10 

It will be noted that one of the segments 10 has a 
gouge or chip 42 in its edge 12a but that microbridging 
liquid 20 has filled it in and provided gently sloping 
contours such that fine interconnects 26 (not shown) 
could be fabricated passing across the defect 42. Preci- 15 
sion abutting edges 12a are indicated. 

Liquid 20 which is solidified to form microbridges 
will be referred to as item 22, which will consist of the 
micTobridge material across the gap as well as any other 
solidified liquid 22 such as is shown in FIG. 14a filling 20 
the space between edges 12a as well as edges 126. 

FIG. 146 shows yet another segment edge arrange- 
ment Rather than having a crudely defined portion 126, 
each segment edge consists of a precisely cut face 12a 
and a set-back lip 12a'. Surface 12a could be cut using a 25 
precision wafer-saw with multiple passes to smoothen 
surface 12a and to minimize chipping on corner/edge 
44. Any of the other previously described dry-etching 
or excimer-laser etching processes could also be em- 
ployed for surface 12a. The recessed or set-back nature 30 
of Hp 12a' insures that corner/edge 46, which would be 
fabricated with a very sharp and precise definition, will 
not be damaged by handling and/or abutment or, most 
significantly, by a wafer-saw operation used form sur- 
face 12a. An advantage of this approach is a guaranteed 35 
smooth and defect-free interface edge 46 between the 
segment surface and the solidified bridging polymer 22 
surface. Both edges 12a and 12a' may exist along the 
entire segment edge (as shown) or, (not shown) 12a' 
may be of limited size similar to the relief 34 in the 40 
previous FIG. 9. 

FLOTATION LIQUID AND MICROBRIDGE 
MATERIALS CONSIDERATIONS 

The chief attributes of the flotation liquid 20 are that 45 
it has enough surface tension to pull the segments to- 
gether while also possessing low enough viscosity such 
that the segments may move reasonably quickly under 
the influence of that surface tension. The density should 
be such that the difference between the weight of the 50 
segment and the bouyant force on the segment does not 
cause (a) the segment to float high in the liquid such that 
the coplanarity of different segment thicknesses is lost 
or (b) the segment wants to sink and the surface tension 
is insufficient to keep it afloat 55 

The foregoing situation describes the case of full 
flotation. In the case of not using full flotation, FIG. 10, 
for example, then one must either insure that the liquid 
20 does not wet the support plate's surface 36', or if it 
does, then the liquid density has to be lower than the 60 
segment density or the segments will float off the sup- 
port plate 36 and lose coplanarity. 

Experiments have been carried out using ordinary 
deionized (DI) water as a flotation liquid in approaches 
depicted in FIGS. 4a, 46 and 10a, 106. In the free-float- 65 
ing scheme of FIGS. 4a f 4a, the water container was 4 
inch deep and 6 inches in diameter. Several generally 
rectangular silicon die segments having a silicon nitride 



top-side dielectric and measuring approximately 0.100 
inchx0.125 inch X0.015 inch thick each were free- 
floated by carefully placing them on the water surface 
with tweezers. The same segments were floated off the 
bottom of a wettable ceramic container to the fully 
floated condition by dispensing water on the dry con- 
tainer bottom with a syringe, being careful not to splash 
droplets on the difficult-to-wet segment top-sides. The 
floated segments aligned and abutted within 10 seconds 
when their initial separation was less than J inch. 

For the approach depicted in FIGS. 10a, 106, a refer- 
ence plate of smooth Teflon was used which the water 
20 did not wet. The water 20, when dispensed in the 
vicinity of two closely-spaced segments having water- 
wettable edges, caused the segments to pull together 
instantly into intimate contact if the initial gap was less 
than about 0.01 5 inch, with the water then being evapo- 
rated. 

Water, having a density of 1 g/cm 3 , is much less 
dense than silicon at about 2.3 g/cm 3 ; thus, the consid- 
erable surface tension forces required to float the seg- 
ments in the scheme depicted in FIGS. 4a, 46 anyway is 
graphically seen. In the above FIG. 10a/106 approach 
(Example 1), the chip segment edges were slightly oxi- 
dized (wettable), whereas the segment bottomsides 
were gold-coated (non-wettable). 

The requirements for the solidified microbridging 
material 22 are far more stringent than that of a liquid 20 
only serving the flotation and alignment functions, as it 
must posses semiconductor electronic-grade ionic and 
particulate cleanliness and must also be selected from 
the materials known to serve as acceptable dielectrics in 
microelectronic chips and hybrids. This is a far nar- 
rower list. This material 22 may be different than the 
flotation liquid 20 (a second liquid) or may be the same 
material 20 solidified* or cured in place to form the mi- 
crobridge material. The solidified microbridging mate- 
rial may be deliberately selected to be compliant, for 
stress relief. 

A list of examples of the materials which may serve 
the functions of materials 20 and/or 22 is now given. 
This is but a small sampling of the many possible materi- 
als. It is to be noted that there are two ways of describ- 
ing viscosity in the cgs measurement system. The first is 
called absolute viscosity and has units of (gm/sec-cm) 
or "poise". The second is similar to the first, except it is 
called kinematic viscosity and is simply the ratio of 
absolute viscosity to density, or (poise/density) or 
(gm/sec-cm-density) or "Stokes". These terms are used 
herein as either most often used in the literature or by 
the vendors of the material in question. 

Flotation liquids: 

(1) water (FIGS. 4a, 46, 10a, 106 scheme) 

(2) methyl or iso-propyl alcohol (FIGS. 10a, 106 
scheme using Teflon surface and initial segment 
spacing less than the segment thickness) 

(3) N-methyl-2-pyrrolidone (FIGS. 4a, 46, 10a, 106 
scheme using Teflon surface- 1.65 cp viscosity, 1.03 
g/cm 3 density) 

(4) a dual liquid system comprising a thin-film of 
liquid "A" on a body of liquid "B'\ e.g., any long- 
chain alcohol on water, which permits modifica- 
tion of surface tension independent of bulk viscos- 
ity (FIGS. 4a, 46 scheme) 

(5) molten indium or other low melting point metals 
or alloys where the flotation times are kept short 
and the wettability condition is just like that needed 
to form a good solder joint. In this approach, it has 
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to be acceptable to electrically short the segment 

edges of bulk material. 
Additional examples of suitable flotation liquids in- 
clude polyimides or polyimide precursors, solutions of 
silica, molten paraffin, and UV- and heat-curable poly- 5 
mers. 

Microbridgmg solidification liquid materials: 

(1) fully imidized polyimides thinned to low viscos- 
ity, such as Ciba-Geigy Probimide 285 thinned 
with 4-butyrolactone to below 50 centistokes or \q 
Ciba-Geigy Probimide 286 thinned with xylene 
and/or 4-butyrolactone to below 50 centistokes; 

(2) liquid potting resins for the hybrid industry (one 
component epoxy), such as Hitachi HIT-8000 
Resin, with ethylene glycol monoethyl ether as the ^ 
solvent (conventional viscosity is 350 cp); 

(3) Polyimide precursors such as the following Hita- 
chi materials: 

(a) =1.15 g/cm 3 PIQ 6000 series at ~ 1 poise vis- 
cosity, 20 

(b) 2; 1.05 g/cm 3 PIQ 13 at 11 poise viscosity, 
These may be thinned further with N-methyl-2- 
pyrrolidone. It will be noted that the 6000 family 
has =40% solids content; 13 family has =15% 
solids content; 2J 

(4) High purity silica solutions for use in a nitrogen 
ambient such as the following Hitachi materials: 

(a) =0.85 g/cm 3 HSG-2000@viscosity=2.3 cp, 

(b) =0.90 g/cm 3 HSG-2200® viscosity = 7.5 cp; 

(5) high purity liquid-epoxy compounds such as Hita- * n 
chi KE 6000; 

(6) molten indium or other low melting-point metal 
or metal alloy, with the same limitations as for use 
as a flotation liquid. 

Additional examples of suitable microbridge materi- 
als include UV- and heat-curable polymers. 

As noted in the list above, some materials, such as 
Hitachi Polyimide PIQ- 13, can be thinned, in this case 
using N-methyl-2-pyrrolidone from the conventional 
1 100 centipoise (14.5% solid content) down to the 4 to 
6% solids range with an accompanying one to two 
orders of magnitude of viscosity reduction. 

Further, one may use the melting/freezing phenome- 
non of an alignment liquid to advantage. Examples pf 
such materials include water/ice, molten paraffin/solid 
paraffin, and molten low-melting point metal such as 
indium (which has a melting point of 157* C). Such 
solidified materials may, as in the case of indium, serve 
as a permanent microbridge or in the case of paraffin 
hold the segments in abuttment so that they can be 
attached to a permanent substrate and then micro- 50 
bridged with a second new material. 

The interface gap between segments acts much like a 
capillary in that as long as the liquid wets the walls of 
the capillary, it will seek to be sucked up into the gap, 
following the well-known Laplace relation 



35 



40 



55 



where the pressure drop AP across the meniscus is pro- 
portional to the liquid surface tension y and is inversely 60 
proportional to the two orthogonal principal radii (R) 
of the meniscus. £ is the liquid density, g is gravity, and 
h is the capillary height. 

For intersegment gaps of a few micrometers, this AP 
is very large and thus any of the disclosed materials 20, 65 
22 will climb up to the top of the intersegment gap by 
capillary suction. A liquid will always seek to move into 
the narrowest wettable gaps under the influence of 



capillary pressure at the expense of leaving regions 
where the meniscus radius is larger. 

The fact that the flotation liquid climbs up the gaps 
by capillary action creates an intersegment attractive 
force (which drives alignment/abutment to comple- 
tion). This force F is given as 

F=y L V/X 2 

where X is the gap width, V is the volume of liquid in 
the gap, and yt, is the liquid surface tension. 

As can be seen, at small gaps X, the force gets ex- 
tremely large, insuring alignment and mechanical stabil- 
ity. At large separation distances, the attractive forces 
are created by a net reduction in surface distortion en- 
ergy of the liquid surface. The capillary forces are much 
larger. 

The use of foams and emulsions to serve the purposes 
of either flotation/alignment (most likely as in FIGS. 
10a, 10b) or microbridging (as in any of the Figures) is 
entirely within the scope of this invention. It is well- 
known that a foam eventually drains itself into nonexis- 
tence and in so doing would provide the alignment/flo- 
tation liquid to the microgaps without ever having to 
employ a bulk liquid. 

COMMENTS REGARDING SEGMENT SIZES 
AND SUBSTRATES TO WHICH SEGMENTS 
CAN BE MATED 

There is no lower limit on a segment's size, not in 
lateral or thickness dimension. This is a significant engi- 
neering advantage, because in designing a multisegment 
chip, one intrinsically would like to have the ability to 
vary the process technology from segment to segment 
on a fine scale. Ultrasmall segments, on the order of a 
few hundred micrometers in edge length or smaller, 
allow one to take advantage of each process-tech- 
nology's advantages (while avoiding its disadvantages) 
on any desired scale. 

As an example, consider the use of implanted oxygen 
to form insulating buried layers. This is a technique 
known to the art for application to high performance 
substrates. It results in a buried Si02 layer a few mi- 
crometers deep under the silicon surface. That few 
micrometers of silicon will be the segment thickness. 
Dry plasma etching of trenches in silicon down to the 
oxide layer will define the segment edges 12. By em- 
ploying an isotropic oxide etchant such as liquid or 
vapor HF or CF4/O2 plasma, it is possible to mechani- 
cally detach such segments by etching away the under- 
lying oxide. These segments then are just sitting on the 
surface and can be floated off or picked off the wafer. In 
the case of an isolated segment (shown in FIG. 15), a 
liquid can be used to lift the segment out if the liquid 
wicks into the etched slots and interface defined by 
surfaces 54 and trenches 56 without wetting the seg- 
ment device surface. 

Thus, segments as small as a few micrometers in edge 
length and fractions of a micrometer in thickness can 
easily be made. The mindset of having to manually 
manipulate the segments is unnecessary, FIG. 15 depicts 
this particular ultrasmall segment capability. 

Shown in FIG. 15 is a silicon wafer 48 having a bur- 
ied oxide isolation layer 50 on top of which are formed 
in device region 52 at least one segment 10. One such 
segment 10 is shown lifted or floated out of its position 
in wafer 48, leaving behind a hole and creating new 
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surfaces 54 formerly forming the upper and lower 
bounds of oxide 50. Dry plasma or reactive-ion etched 
or excimer laser-etched separation trenches 56 are 
shown. It is to be noted that segment 10 has edges 12 
which consist of only a vertical precise edge 12a. 5 

It is of great technological significance that extremely 
thin segments can be made for three reasons. The first is 
that such segments can easily accommodate contact 
through-holes and thus could be stacked in three dimen- 
sions. 10 

The second reason is that thin sections, especially 
laterally large thin sections, will flex under the influence 
of wetting capillary forces* This can be used to advan- 
tage. Specifically, as segments get laterally large yet 
very thin, they will naturally be non-flat due to the 15 
bending forces of the stressed thin films making up their 
circuitry. If it were not for the fact that the flotation 
liquid selectively wets such segments and pulls them to 
a flattened shape, there would be no conceivable way to 
deal with potato-chip shaped ultrafragile segments. 20 

The third reason is that such thin sections have very 
short thermal paths to their mating substrate means and 
are flexurally forgiving. Thus, not only can they be 
mounted on flexurally non-rigid substrates such as flexi- 
ble circuits, but the superchips assembled from them 25 
will not have the cracking problems associated with 
today's large chips. 

To further expand the applicability of the present 
invention to superchips, consider the hole in the surface 
of wafer 48 of FIG. 15, rather than the segment 10 30 
formerly filling that hole. If that hole is made deep 
enough, then it can serve as a receptacle for one or more 
stacked microthin segments. In such a case, the walls of 
the hole, or receptacle, appear to the floating segment 
10 to be just another segment to which attractive wet- 35 
ting can occur. 

A scheme employing such a receptacle approach in a 
mother substrate while also employing the floated as- 
sembly/microbridging means while also optionally em- 
ploying selective tungsten three dimensional intercon- 40 
nects is now shown in FIG. 16. It will be noted that in 
the case of a receptacle approach with one or more 
segments aligned into a single corner and arranged in a 
single row, the receptacle and the segments can have 
90° right-angle edges, since there is no need to deal with 45 
the previously cited problems of compacting an array of 
segments in a plane having edges defined by straight 
lines passing all the way across the array. 

In FIG. 16 is shown a section of a mother substrate 58 
in whose surface are show two receptacle regions 60a, 50 
60b, In receptacle 60a is shown a stack of three seg- 
ments 10, each of which is joined to the substrate 58 by 
solidified polymer 22. Also shown in receptacle 60a is a 
partial stack, comprising a part of a bottom segment and 
a part of a top segment (the middle segment having been 55 
omitted for clarity). Passing across the top of the triple 
segment stack of the substrate 58 is an interconnect 26. 
This passes across the solidified microbridge material 22 
as depicted in many of the earlier Figures (e.g., FIGS. 6 
and 9). A difference, however, in FIG. 16 is that there 60 
may be stacks of segments present and segments may be 
connected to a substrate and/or to other segments in 
receptacles in substrate 58. No existing hybrid technol- 
ogy could hope to form self-aligning segment-to-sub- 
strate contacts on a pitch (linear density) equivalent to 65 
that on a chip in volume manufacturing at low cost and 
low defect density. Shown on the surface of mother 
substrate 58 is some built-in integrated circuitry 14" 



similar in nature to that of 14' shown on the segments 10 
themselves. Obviously, the mother substrate 58 may 
consist of a semiconductor wafer incorporating both 
segments 10 and its own native selection of devices/cir- 
cuitry 14". Applications wherein the substrate 48 of 
FIG. 15 is the same substrate as 58 of FIG. 16 are within 
the scope of the invention. In such an approach, un- 
yielding segments of 48 would simply be replaced with 
yielding ones from another wafer. 

It should be emphasized that the structure of FIG. 16 
permits three-dimensional superchips of huge size 
wherein the circuit feature-sizes can be at their lower 
producible limit throughout There is no discontinuity 
of feature scale anywhere This is not a hybrid by any of 
the present definitions. There is no interconnect wire- 
bonding or soldering, glass-to-metal sealing or ceramic- 
to-glass sealing, and all of the described operations 
would be carried out in a wafer-fabrication environ- 
ment using wafer-fab tools. 

Additional features shown in FIG. 16 include deep 
via holes 62 in the solidified polymer 22 cut through the 
full three segment depth of the multisegroent stack. 
These holes 62 align with segment edge contacts 64 and 
also with substrate 58 edge contacts 64'. Such a feature 
is further depicted in FIG. 16c, which is an enlargement 
of a portion of FIG. 16. The holes 62 are lined or back- 
filled with chemically vapor deposited metal 62' such as 
selective tungsten, etch-back blanket tungsten, or 
chemically-vapor deposited aluminum, thereby com- 
pleting electrical connections in both the vertical as 
well as horizontal (across the microgap) directions. 

FIG. 16c depicts a cross-sectional view of metal fill- 
ing 4 hole 62 formed in the solidified microbridge 22. 
One or more edge contacts 64 on the surface of the 
segments 10 are interconnected with an interconnect on 
the superchip 58. Here, CVD tungsten (or other metal, 
such as aluminum) is blanket-deposited everywhere on 
the superchip and top surface of the top-most segment 
10a and in the opening 62 formed in the solidified mi- 
crobridge 22. The blanket-deposited metal may be 
etched back without a mask, leaving it only in the deep 
via 62 of FIG. 16c (as shown) or etched back with a 
mask such that it can also serve to simultaneously make 
surface interconnects 26 (shown made separately in 
FIG. 16c). 

Edge contacts 64 and 64' are made by forming a 
trench 65 in the vicinity of the edge of the segment or 
superchip, respectively, which terminates at the edge. 
The trench is rilled with metal, which is extended along 
the surface to form interconnects to circuitry features, 
much like interconnect 26. Prior to filling with metal, 
the trench is processed so that the metal is electrically 
isolated from the substrate. Examples of such electrical 
isolation include forming an oxide film lining the trench 
or. forming a junction in the trench. Such electrical 
isolation methods are known in the art and form no part 
of this invention. 

Shown separating the stacked segments in FIGS. 16 
and 166 are spacers 66 which might be of photo-defina- 
ble polyimide. Also shown in FIGS. 16a and 16b are 
selective tungsten chemically vapor deposited (CVD) 
connections 68 of two types. Through-segment selec- 
tive tungsten connections 68 become practical in the 
case of very thin segments through which vias may be 
easily etched. One such through-connection is also seen 
in FIG. 16, on top of which terminates a surface inter- 
connect 26. Metal buttons 68* may be used to connect 
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the through-segment connections 68, employing selec- 
tive tungsten. 

In this manner, pass-through contacts dropping 
through multiple segments may also be used. In FIG. 
16a is shown how selective tungsten contacts 68 may 5 
be employed to bridge the gap between a segment 10 
and a substrate 58 in a single level of surface intercon- 
nect. 

In any application of intersegment segment/substrate 
or through-segment contacts 68, there would necessar- 10 
ily be sufficient pathways or passages for the gaseous 
CVD reactants to transport to/from the sites 68. This 
could be arranged, for instance, by the non-wetting of 
fluid polymer 20 of the surfaces on which contacts 68 
reside. FIG. 16b depicts a side elevational view of 15 
through- vias 75 which are aligned and joined by selec- 
tive tungsten connections 68. 

The mother substrate 58 may be of semiconductor, 
metal, or insulating material such as glass or ceramic 
and may have disposed- on/in its surface any desired 20 
combination of receptacle segments and conventional 
hybrid-style components and interconnects. Thus, the 
concept can be degraded all the way back to the point 
wherein one is building a conventional multichip hybrid 
with the key difference being that one or more of the 25 
chips is a multisegment superchip in accordance with 
the invention. 

It should be noted in FIG. 16 that if no surface con- 
nections of the type 26 are present, then the polymer 
liquid 20 may be only present to achieve alignment and 30 
may be substantially removed for the sake of making 
CVD metal connections. In this case, the meniscus-sur- 
face of the microbridge might not be used as a substrate 
for conventionally formed interconnections 26. FIG. 
16a, wherein lateral selective tungsten interconnections 35 
are made has no necessity for a polymer microbridge, as 
such connections support themselves and require no 
printing or etching. 

In FIG. 17 is shown a multisegment superchip 10' in 
which one segment 70 serves as a connector to either a 40 
substrate or to yet another multisegment superchip. 
Shown on segment 70 are conventional flip-chip solder 
bumps 72. Of course, the bumps may be replaced with 
tape automated bonding (TAB) pads or wire bond pads. 
It should be clear that special segments such as 70 may 45 
also serve to host test circuitry, laser-trimmed precision 
resistors, electrostatic discharge (ESD) protection cir- 
cuits, or any other function less conveniently integrated 
on the other segments. Segment 70 may have electrical 
contact vias passing completely through it for facilitat- 50 
ing both upwards and/or downwards connection. 

With regard to forming segments from original par- 
ent wafers, the following considerations arise, based on 
material presented by Fung et al r "Studies in Electrical 
and Electronic Engineering 2.0 — Micromachining and 55 
Micropackaging of Transducers", Elsevier Publisher 
(1985): 

The use of wet-chemical selective etching of silicon 
to form or help-form segments is highly attractive be- 
cause of the following reasons (1) no particulates pro- 60 
duced; (2) mass-production worthy; (3) preciseness 
governed by lithography only (in the case of V- 
grooves) or by lithography and either etch-time or an 
electrochemical etchstop; (4) no substrate damage; and 
(5) minimal handling risks. Along these lines, one may 65 
utilize one of the following three selective wet-etch 
technologies. They all attack (100) and (110) planes at 
least 50 times faster than (111) planes. 
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Notes: 

IPA a itopropyl alcohol 

EDP E3 ethylene di*mine/pyrocatechol/wi irr 

On <100> oriented silicon wafers, one obtains V- 
grooves whose two walls are (111) planes. Typically, an 
etch temperature for potassium hydroxide/water would 
be in the 85* to 115* C. range and would- give an etch 
rate of about 1 urn/minute. The etch-rate is a function 
of temperature. The width of the V-groove is deter- 
mined by the photomask. Etching stops when the depth 
is such that the (111) planes meet the resist edges at the 
defined width* 

Two types of etch stops may be used other than the 
above lithographic ones. 

Boron Etch Stop— "EDP" will stop etching in silicon 
when the boron doping concentration exceeds 5x 10 19 . 
A disadvantage is that this much boron creates epitaxial 
stacking faults. The theory suggests that tensile stress 
created by the boron is the stopping mechanism. 
Electrochemical Etch Stops — Type 1, Isotropic 

These etches do not stop, they just slow down; as an 
example, see R.L. Meek, "Anodic Dissolution of N + 
Silicon", J. Electrochem Soc, 118, pp. 437-442, March 
1971. These etches will "stop" on a device-quality N- 
layer. 

Electrochemical Etch Stops — Type 2, Anisotropic 

These etches do stop; as an example, see T.N. Jackson 
et al, **An Electrochemical P-N Junction Etch Stop for 
the Formation of Silicon Microstructures", IEEE 
ELECTRON DEVICE LETTERS, 2, pp 44-45, Feb- 
ruary 1981. These etches will truly stop on a device- 
quality N-layer. 

It should be noted that <110> oriented wafers offer 
the advantage that extremely deep and perpendicular- 
to-the-surface trenches can be easily wet-etched. How- 
ever, such trenches do not meet at right angles nor do 
they have flat bottoms The etch rate ratio of the (110) 
planes to the (111) planes is >40f>.l. The disadvantage 
is that the (1 10) planes have a higher surface state den- 
sity, as previously described, than the (100) planes. The 
following article gives examples of such grooves D.L. 
Kendall, Annual Review of Mat. Sci, 9, pp. 373-403 
(1979). In using <110> oriented wafers, it is extremely 
important that the mask be aligned to the crystal planes 
to within 0.1* or the etched trench will be hard to con- 
trol and the trench walls will be stepped and rough. On 
the other hand, the width of a V-groove in <100> 
oriented silicon is controlled not only by the mask 
width "W" and the perfection of the mask alignment to 
the (111) planes intersecting the surface, but also by 
mask erosion, since this crystal orientation does not 
have as high an intrinsic etch-rate ratio of its crystal 
planes. 
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A highly attractive method of making segments is by 
backside wet-etching them free from their parent wa- 
fers after they have been laterally defined from the 
wafer frontside using anisotropic dry trench-etching or, 
in the case of < 110 > oriented material, wet aniostropic 5 
trench-etching from the parent wafer frontside. 

Shown in FIG. 18 is a section of a parent wafer 
whose multiple segments will become separated when 
the backside wide-area thinning etch, Le.. wet etch, 
meets the bottoms of the segment-defining trenches 10 
coming from the frontside. It is the frontside trenches 
which delineate the segment edges. 

First, a comparison to the methods depicted in FIG. 
3. It will be noted that in FIGS. 3a, 3A, 3g\ 3J>\ and 3^, 
a trench-etching using dry plasma etching is performed 15 
from the frontside (the device side). Then, some selec- 
tion of techniques employing wafer sawing and/or ex- 
cimer laser machining is employed from the wafer back- 
side. FIGS. 3a" t 3b'\ 3tf"\ and 3*"' depict a somewhat 
different strategy wherein the precision surface 12a is 20 
not formed until after surface X2b, in order to both 
simplify the process and prevent 12a damage. 

FIG. 18 depicts in section a somewhat different ap- 
proach wherein the same dry anisotropic plasma 
trenching is employed from the frontside to delineate 25 
the segments 10a, 106 and 10c (each of different size). 
Shown in FIG. 18a, which is an enlargement of the 
frontside dry-etched delineation trenches, are the preci- 
sion abutment surface edges 12a which are formed. A 
major difference in the segment formation technique of 30 
FIG. 18 is that there are no segment edges 12b at any 
point. The bottom surface 74 of the wet-etched large 
area (when viewed from the wafer backside, it is the 
bottom) consists of a (100) plane or planes forming a 
macroscopically smooth surface which moves toward 35 
the frontside trenches until they meet and the segments 
are mechanically freed. 

Photoresist or other dry-etch trenching resist 76 is 
shown on the frontside. On the backside is shown resist 
76', which delineates where the large-area wet-thinning 40 
etch wiD take place. It should be noted that in the case 
of FIG. 18 being a <100> oriented wafer (as shown), 
then the backside hole which is etched using selective 
wetetching such as- "EDP" wet-chemistry, will have a 
(100) plane bottom and (111) plane sidewalls (as 45 
shown). It should be stressed that in the case of this 
wafer of FIG. 18 being a <110> oriented wafer, then 
the frontside trenching could also employ an EDP etch 
like the backside, but in that case, the walls of the back- 
side holes 78 would be vertical (100) planes. 50 

FIG. 18 has been simplified in the sense that the walls 
of the backside holes 78 will consist of sets of slow- 
etching flat (111) planes on a microscopic scale but may 
appear curved and rough on a macroscopic scale, as the 
edges of resist 76 are curved do not always align with 55 
the (1 1 1) plane intersection-lines with the surface other 
than locally. These ofT-plane/ofT-axis etching features 
are well-known to practitioners of silicon microme- 
chanical selective wet-etches and are described in the 
above-mentioned references. One cannot etch smooth 60 
curved walls and can only approximate them with 
stepped walls consisting of many different sets of (1 1 1). 

With respect to FIG. 18, frontside then backside or 
backside then frontside etching may either be practiced. 
Optical means may be used to detect the meeting of the 65 
two etch-fronts. In either approach, a temporary poly- 
mer potting layer (not shown) may be used to backfill 
the first etch hole(s) or trenches such that the following 



etch from the opposite side does not result in the seg- 
ments falling into mechanical disarray. The use of the 
wet-etchant as a flotation/surface tension assembly 
liquid or the use of the potting material to perform the 
same function is within the scope of the invention. It 
should be stressed that any segment shape is possible in 
this scheme, including non-rectangular, non-parallelo- 
gram varieties such as those with curved edges. For 
example, a round segment for fitting into a round recep- 
tacle of FIG. 16 could be made. The thinning operation 
defined by resist 76' may involve delineation of multiple 
large areas separated by a purposely defined support 
web or grid of unthinned sections. A later stage of back- 
side etching, denoted 74', depicts the frontside/backside 
etches being even closer to achieving separation. 

In the case of abutting two segments of significantly 
different expansion coefficient or in the case of wide 
variations between segments in power consumption, 
thermal cycling or desired operating temperature, then 
some degree of intersegment shear-strain may occur. 

In FIG. 6, the surface of the solidified microgap poly- 
mer 22 is shown as approximately parabolic or semicir- 
cular. This itself offers strain relief, especially in a direc- 
tion perpendicular to the gap and near the surface 
where interconnections 26 reside. 

In FIG. 9 is shown an edge-relief technique which 
will guarantee a minimum length polymer expanse and 
thus a maximum shear rigidity along the place of the 
abutted interfaces as felt by interconnect 26 of FIG. 9. 
Shown in FIG. 14b is yet another technique which is an 
extension of that in FIG. 9 and which offers additional 
strain relief along the direction of the abutment shear 
plane. 

It is not necessary that interconnect traces 26 of the 
Figures, such as FIG. 9, pass across the microgap in a 
perpendicular fashion. If traces 26 pass across the mi- 
crogap at an angle other than 90*, then additional flexi- 
bility to across-gap compressive or tensile strain (where 
the gap is pulled shut or pulled open by external influ- 
ences) is given. 

Finally, shown in FIG. 19 is a scheme wherein the 
microgap solidified polymer 22 is etched away between 
intersegment interconnects 26 using a conventional 
oxygen or oxygen/Freon RIE plasma etch from above 
such that additional shear strain relief in the abutment 
plane is afforded. 

It will be noted in FIG. 19 that the interconnect 
traces 26 pass across the microgap on the solidified gap 
polymer 22; however, the polymer has been removed 
between the traces from above (indicated) using a direc- 
tional oxygen or oxygen/Freon or other reactive ion 
etching plasma or laser ablation/machining method. 
The microgap of FIG. 19 may, of course, incorporate 
the other modifications, such as that shown in FIG. 14b f 
for example, to further provide even more strain relief. 

It is to be stressed that the gap polymer 22 may even 
be removed to a greater extent than that indicated in 
FIG. 19, as for example, 100% removal, wherein the 
polymer is completely ashed isotropically by isotropic 
oxygen plasma, leaving only an air-bridge, as is used in 
state-of-the-art gallium arsenide circuits of monolithic 
design. In such a scheme, the segment positioning 
would be maintained by first mounting the superchip to 
a substrate. Even in this scheme, it may be desirable to 
leave some polymer attached to the bridging traces 26 
to damp out the natural vibration frequencies of the 
hanging traces. A chemically passive etch resist used to 
define interconnects 26 of FIG. 19 could be left in place 
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on top of the interconnects 26 to do this instead. In yet The solder could be supplied by printable paste or vac- 

another variation, polymer 22 may be photoactive so it uum evaporation techniques. 

serves not only the flotation/alignment function but Finally, the use of electroplating and/or electroless 
also the function of later selective removal as shown in plating could be used for interconnecting as for gold or 
FIG. 19 but by photochemical means, rather than direc- 5 nickel plating or electrofonning. Again, contacts 64, 64' 
tional dry -etching means. on mating segments would be closely abutted and 
Intersegment interconnects 26 are formed using pro- aligned due to the action of the flotation liquid. Electro- 
cesses and materials known to the art. Typically, the less plating is especially applicable to the contact 64, 
interconnects 26 consist primarily of an aluminum-cop- 64 - 

per-silicon alloy with a refractory underlayer such as 10 There are countless packaging schemes which could 

titanium-tungsten or titanium/titanium-nitride. Typical employed with this invention. With the methods 

metal deposition thicknesses as deposited in a metal disclosed herein, a superchip can be formed and inter- 

sputterer, evaporator or C VD tool would be -1500 A connected. Once the superchip is formed, as in the case 

titanium-tungsten and 10,000 A of Al-0.5%Cu-l%Si. of FIG 5 > for example, the superchip can be potted or 

Typically, the subtractive etching technique is used 15 vacuum-chucked from above such that its bottomside 

wherein the metal bilayer is deposited everywhere on 03,1 be freed of excess solidified polymer 22 (if any). A 

the superchip and a patterned photoresist which is then conventional epoxy die attach, for example could then 

implemented serves as a protective mask during wet- te executed In applications wherem all the segments 

chemical or dry-plasma metal etching. After metal etch- « ? f equal thickness, then little backside preparation is 

ing, the resist is stripped. This can be done anisotropi- 20 rec > uu 5? be^re die attach. In cases wherein a potting 

cally in Oj plasma so that the intersegment joint takes matcnal IS . «nptoyc4 the material may be a hot-melt 

on the appearance of FIG. 19. wax « "J" f a W-curable polymer. 

It shouWbe noted that other methods of implement- A method of solder dieattaching huge chips without 

#u - ri - 4 M _ - £ _ , M . , |.*vJrr _ . using a flux and without resulting in voids has been 

ing thin-fdm mterconnects^ 26 such as by liftoff or by ^ £ 

electroplatmg mto a masked pattern or by laser-wntrng ^ for Chi .. 
of refractory or precious metals such as with the laser- ^ Xransactions on components, Hybrids and Man- 
deposition of gold, tungsten, molybdenum copper, Technology, Vol II, No. 4, Dec. 1988. 
aluminum, and chromium are available In addition to Thc ap * roach of fkjs. 10a and 106 show a good 
photopyrolysis by laser-wmmg new alternatives such 3Q lt ™ f whcrc the flotation u md ^ ^ a * hi h 
as photoacnvauon/dissociation by UV laser-excitotion solvem mtaA such ^ mQSt of |ts voIumc . 
are available to write patterns of interconnects. The rated The ^^bridging material 22 is confined to the 
pattern may be written pixel for pixel or may be printed ^ u Thus> mothtT substrate which XTyes t0 die . 
with a mask and large area illumination. attach the superchip could be brought down from 
In addition, the use of selective tungsten deposition to 35 above m FK3> l0b sucn ^ the additional substrate and 
bndge the gap even without a solidified microbndge seg ment bottomsides (face-up here) are joined via an 
polymer is withm the scope of this invention. In this adhesive or eutectic predisposed either on the die attach 
scheme, the flotation liquid 20 is either completely re- substrate or the segment backsides. Reference surface 
moved after abutment or is etched back from the seg- 36 would jn^u^ superchip planarity during this 
ment topside to expose mating segment-edge contacts as backside operation. 

described previously in FIG. 16a. Selective tungsten It ^ not ^ goal of this disclosure to outline the vari- 
deposmon would cause the closely abutted mating ous potential packaging schemes, as many already exist 
contacts 64, 64' to grow together. The mushrooming or if one treats the superchip like any other device, albeit 
nail-heading of selective tungsten deposition known in precautions to address the greater flexural freedom 
the art would limit the density achievable. The rigidity 45 ^d thus potential for damage afforded by the micro- 
of such an interface, unless additional flexibility was bridge joints. The use of reference surfaces, vacuum 
provided in the form of further mechanical reliefs for chucks, and potting materials are but a few ways to 
shear strain, would also limit the size of such an imple- provide the superchip protection during packaging, 
mentation. This technique is most suitable to the ap- it should be emphasized that although only a single 
preaches of FIG. 16 or any other approach wherein 50 layer of intersegment interconnects or segment-to- 
shear strain is not cumulative over large distances. mother substrate interconnects of the types 26 and 

The segments, before intersegment interconnects 26 64/64' have been shown, there is no reason why, once 

are implemented, must have contacts available on their the superchip or chip/mother substrate is assembled and 

surfaces for the interconnects 26 to connect to. These microbridged, that additional layers of interconnect 

contacts may consist of open vias through an insulating 55 above 26 or 64/64' cannot be implemented. In fact, the 

layer onto which interconnects 26 will be overlaid and segment/mother substrate assemblage of FIG. 16 could 

be electrically/physically connected to. This is akin to a be implemented at any point in the device fabrication 

second metal in a common device being connected to a process as long as any required later processing ambi- 

first metal at via sites. ents and temperatures are compatible with the solidified 

Other techniques for forming metallic intersegment 60 bridging material if it is to remain in the structure, 

interconnects include simply solder-dipping the super- The Figures have depicted the implementation of 

chip in a case wherein mating intersegment contacts 64, short edge-to-edge intersegment metallic interconnects 

64' are provided with solderable metallurgy such as of the type 26. In these cases, the segments would prob- 

plated gold or copper with an underlying diffusion ably already have their own internal metallizations al- 

barrier such as nickel or tungsten. In this approach, one 65 ready implemented such that the segments are testable 

could employ photodefinable or photo-ablatable solidi- before they are brought together, 

fled microbridging polymer much as a solder mask There is no reason why interconnects of the type 26, 

wherein solderable areas are lithographically exposed. 64, 64' cannot be more than just segment-to-segment 
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microbridges. Such interconnects may be routed all 
over the flotation-assembled superchip or segment- 
/mother substrate or superchip/mother substrate as- 
semblages. In this fashion, the fact that what is being 
wired is an assembly, albeit a pseudomonolithic one, is 5 
transparent. It looks like a full, truly monolithic wafer in 
process. Again, the only pre-flotation assembly segment 
wiring that must be done is that which insures that each 
segment being committed to the superchip is a good 
(yielded) one. 10 

Given that the superchips may be very large, then the 
lithography tool employed will ideally have a large 
Meld size, say 20 mm X 20 mm. A good depth of field can 
be achieved even for submicrometer features using the 
I-line wavelength. Several exposures may be stitched 15 
together as is being explored even for present-day 
DRAM research and development There are tradeoffs 
to be made in the number of exposures/alignments vs. 
overlay tolerances. A large free-floated (no mother 
substrate) superchip will have more accumulated di- 20 
mensional error build-up across it than a mother-sub- 
strate approach with only one segment per receptacle. 
Clever segment arrangement can limit the number of 
exposures to one, even for a superchip. For example, ^ 
the seven segment superchip of FIG. 17 might have 
only one alignment target on the central segment, since 
every other segment is only one microbridge's worth of 
positional error away. Conversely, for even more accu- 
racy, one may, at the other extreme, align and expose ^ 
each individual abutment interface using alignment 
targets situated on both sides of a given particular gap. 
Hexagonal segments, as shown in FIG. 17, are forgiving 
in the sense that there cannot be long-range tolerance 
build-ups, because the segment seams are randomly 35 
(120°) oriented and errors are distributed equally in all 
directions. 

So far, the emphasis has been on microgap intercon- 
nects implemented on the device-face of the segments. 
An application is now described wherein multiple seg- 40 
ments are stacked directly on top of each other to create 
a silicon (or other semiconductor) stack on whose edges 
are implemented microgap-style connections. 

It will be recalled that the flotation/alignment liquid 
is denoted 20 and the solidified microbridge material 45 
(shown in FIG. 20) is denoted 22. Those may or may 
not be the same material. 

In FIG. 20, three segments lOa-c are shown on edge. 
The precision-defined edges 12a are, however, not abut- 
ted face to face. Instead, precision abutment edges 12a 50 
are rendered coplanar (i.e., to be co-existing in the 
datum plane 80) by an independent reference surface 36' 
such as shown in FIGS. 11 and 12 with the help of a 
liquid alignment agent 20. A major difference with all 
previous figures is that the microbridging material does 55 
not wet the surface 12a of the segments or if it does, it 
is forcefully displaced by independent alignment refer- 
ence surface 36', In this case, the 'flotation liquid" 20 
may or may not actually float the segments;, what is 
important is that the liquid 20 (to be solidified into poly- 60 
mer 22) here wets major predefined portions of the 
wide surfaces of the segments, pulling them together by 
capillary action. It thus forms a continuous bridging 
layer at least across the gaps on the stack edges, which 
are to support interconnections 26. 65 

The segments lOa-c of FIG. 20 may reside standing 
on edge, in a deep receptacle in the surface of a mother 
substrate 58, a portion of which is indicated in FIG. 20. 
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In this case, datum plane 80 is coplanar with the surface 
of the substrate 58, 

A particular strength of the foregoing approach is 
that there will be no appreciable strain on the intercon- 
nects 26 due to bending movements applied to the pack- 
aged stack of segments 10. This is because the stack is 
relatively rigid. It should be noted that edges 12a in 
FIG. 20 must be insulating such that traces 26 are not 
shorted. In order to connect the traces 26 to the cir- 
cuitry on each segment 10, the segment frontsidc inter- 
connects may be brought to the edge 12a such that it is 
edge-exposed as previously depicted as 64 in FIG. 16. 
Power dissipation is more difficult to deal with in a 
three dimensional stack of this type than for a two-di- 
mensional array of segments. 

Finally, it may be desirable to form superchips from a 
first segment and one or more segments containing test 
circuitry using the procedures disclosed herein, test the 
first segment, and separate the segments. The first seg- 
ment is then processed further. Such forming of super- 
chips for testing is also within the scope of this inven- 
tion. 

The foregoing description of the preferred embodi- 
ment of the present invention has been presented for 
purposes of illustration and description. It is not in- 
tended to be exhaustive or to limit the invention to the 
precise form disclosed. Obviously, many modifications 
and variations will be apparent to practitioners skilled in 
this art It is possible that the invention may be prac- 
ticed in any combination of digital, analog, or electro- 
optical device technologies, superconducting technolo- 
gies, solid-state sensor technologies, or micromechani- 
cal device technologies, to name but a few. Similarly, 
any process steps described might be interchangeable 
with other steps in order to achieve the same result. The 
embodiment was chosen and described in order to best 
explain the principles of the invention and its practical 
application, thereby enabling others skilled in the art to 
understand the invention for various embodiments and 
with various modifications as are suited to the particular 
use contemplated. It is intended that the scope of the 
invention be defined by the claims appended hereto and 
their equivalents. 

What is claimed is: 

1. A method for coplanar integration of semiconduc- 
tor IC devices comprising: 

(a) providing at least segments, each having at least 
one edge having an abutting portion capable of 
abutting against a similar edge of a neighboring 
segment, each segment having on a top surface 
thereof at least one of the items selected from the 
group consisting of circuits, circuit elements, sen- 
sors, and input/output connections; 

(b) providing a mother substrate having openings 
formed therein to accept said segments in stacked 
array; 

(c) placing said segments in said openings in said 
mother substrate; and 

(d) forming electrical interconnections between 
neighboring segments so as to interconnect various 
of said circuits, circuit elements, sensors, and input- 
/output connections. 

2. The method of claim 1 wherein said segments are 
mechanically secured in said openings by a solid micro- 
bridge. 

3. The method of claim 2 wherein said solid micro- 
bridge is formed by introducing a liquid between said 
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segments and between said segments and said substrate 
and treated to form said solid microbridge. 

4. The method of claim 3 wherein said microbridge 
material is characterized by the properties of semicon- 
ductor electronic-grade ionic and particulate cleanliness 
and is a dielectric. 

5. The method of claim 4 wherein said microbridge 
material is selected from the group consisting of polyi- 
mides, polyimide precursors, epoxies, UV- and heat- 
curable polymers, and silica. 
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6. The method of claim 1 wherein said electrical 
interconnections include selective tungsten. 

7. The method of claim 6 wherein said segments and 
said substrate are provided with edge contacts, a por- 
tion of which edge contacts is trenched into said seg- 
ments and said substrate along an edge thereof and said 
electrical interconnections include interconnecting 
edge contacts on said segments and on said substrate. 

8. The method of claim 1 wherein said segments are 
placed on one edge in said openings to expose an upper 
edge thereof and at least some of said electrical inter- 
connections are formed along said upper edges. 
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